ABSTRACT With the change of epoch, the standard of male attractiveness is also changing. Analyzing the trend of facial features changes over time in different environments can reveal the influence of social development on facial attractiveness. In this paper, we propose a method to analyze the trend of facial features of Chinese male. First, a face database with Chinese male of different times is established and rated by raters of different ages. Second, the machine learning method is used to rate face images of different times for verifying the change of male aesthetic. Then, the retrained Inception v3 model is used to realize facial shape classification. After that, the change trend of face shape is analyzed by using massive data. Finally, the change characteristics of the eyebrow are analyzed by calculating the geometric parameters of the eyebrow model, including the area, length, and average width of the eyebrow. Compared with other researches on facial attractiveness, the proposed method can deeply understand the guiding trend of popular culture on facial attractiveness in different times.
I. INTRODUCTION
Attractiveness is the psychological tendency of people for beautiful things. With the development of social civilization, attractive faces are playing a more and more important role in people's daily life. Individuals who have beautiful face are more likely to gain more social recognition and a good status than the general population, and facial attractiveness is the basis for spouse selection and income [1] - [4] . Sala et al. [5] explored the impact of facial attractiveness on people's socio-economic standing over the life course both for men and women using a unique longitudinal databasethe Wisconsin Longitudinal Study.
Nowadays, all kinds of media technologies are developing rapidly. Under the influence of the media, the screen males are now gradually showing a soft and neutral temperament, which leads to the aesthetic style of ''Little Fresh Meat''. They have exquisite appearance, fashionable dress and make up like a woman. The formation of this social fashion reflects the changing process of male image. Besides the development of the aesthetic consciousness and the aesthetic concept, it is bound to be closely related to the changes of the times and social culture. Meanwhile, we are in an era of prevailing consumer culture. Screen males are also packaged into commodities as part of consumption, and the image of ''Little Fresh Meat'' conforms a woman's vision of a man at present.
The change of male image inseparable from the change of female's aesthetic value. Female aesthetics reflects the cultural characteristics of the times and the track of cultural changes [6] .
The study of facial attractiveness can be used to analyze the change of time and culture from the point of view of the changing trend of facial features, thus the study of facial attractiveness is a very important and meaningful issue. Hagerman et al. [7] tested the relationship of female's physiological arousal (pupil diameter change and salivary testosterone) with ratings of male's facial attractiveness. Porter et al. [8] compared the facial proportions and anthropometric of 109 African American men aged between 18 and 30 with North American white man. The proportional relationship found in the study could be used as a template for facial analysis. Johannes [9] presented random-effects meta-analyses of the available data and studied the relationship between digit ratio (2D:4D) and facial attractiveness in men showing uncertain results. Dorian et al. [10] assessed facial attractiveness and facial masculinity-femininity in the largest genetically informative sample (n = 1,580 sameand opposite-sex twin pairs and siblings) to assess genetic influences on attractiveness. Kathryn et al. [11] changed the male photos to be more masculine or feminine, and then tested the participants' judgments on the attractiveness, trustworthiness, aggressiveness, and masculinity of the male faces. They found socioculturally-and evolutionarilyrelevant factors are important in our first impression of male. Sanchez-Pages et al. [12] tested the relationship between facial measures of masculinity and perceived masculinity. The relationship between masculinity and attractiveness is still under careful study, as some authors find a positive correlation between them [13] , while others do not [14] , [15] . Studies [16] have shown the feminine male faces are perceived as more attractive due to their association with some positive traits such as more honesty, less dominance, more enthusiasm, and more cooperative behavior. Under the influence of the mass media, the feminine male faces are gradually increasing. The research on the appeal of the feminine male faces may reflect the social ideal and be spread widely in the society [17] . Rhodes [18] showed the relationship between male facial attractiveness and masculinity was negative (r = −0.47) by digitally modifying faces. The study [19] , [20] have showed that masculine male and feminine female faces have been considered to be more attractive than feminine male and masculine female faces. Little et al. [21] thought the relationship between sexual dimorphism and male facial attractiveness was uncertain. For example, some studies indicated that masculine male faces were more attractive than feminine male faces [22] . But Little et al. [23] found that the feminine male faces were more attractive than masculine ones by women. Kordsmeyer et al. [24] examined relationships of observer-rated facial attractiveness, dominance and health for 165 men. Fink et al. [25] processed six male facial images in a digital way, including co-expression of lines/wrinkles and discoloration in order to studying the effect of skin surface topography and color evenness cues on the perceptions of facial age, health and attractiveness in males.
Facial attractiveness is a complex human feature of great interest to both academia and industry. The literature on sociological and phenotypic factors associated with facial attractiveness is abundant. In the field of computers, research shows that facial attractiveness is a universal concept. And people's aesthetic standards for different individuals are consistent, so facial attractiveness can be learned by computer [26] . In order to apply facial attractiveness to medical facial beauty, the facial attractiveness based on geometric feature [27] and texture feature [28] has been extensively studied by machine learning. Recently, many studies have used the existing face database to predict the facial attractiveness score [29] , and use computer to train people's perception of facial attractiveness. Liu et al. [30] proposed an end-toend label distributed learning (LDL) framework with deep convolution neural network (CNN) and geometric features, and made a lot of experiments on SCUT-FBP dataset [36] .
Choudhary and Gandhi [31] proposed a study of facial attractiveness in a machine learning environment and various techniques were applied to SCUT-FBP [36] facial image data set to learn facial attractiveness. It was shown that facial beauty was a common concept that machines can learn. Sutherland et al. [32] established the first data-driven nonWestern (China) facial impression model to test whether facial impressions have the same dimensions in different cultural contexts. Some typical databases and related works on facial attractiveness are summarized in Table 1 . In this table, we list some database established for analyzing the facial attractiveness including their size and gender, as well as the nationality and the facial characteristics of the analysis. Although there are many methods to study facial attractiveness, many researches focus on female, exploring attractive female faces and their facial features. However, the research on facial attractiveness is limited to the contemporary era, without the combination of the development of the times.
The faces of male and female are different in many respects. The attractiveness level of male faces reflects a person's socioeconomic status and personality characteristics [33] . Studies have shown that male with high attractiveness should have masculine features such as larger nose, smaller and longer eyes, thick eyebrows, thinner lips and wider chin [34] . But with the development of the times, the relationship between facial features and attractiveness of Chinese male has changed. In this paper, we take the Chinese male as the research object and study the change characteristic of people's aesthetic values of the male face in different times under the background of the social change from the point of view of the data. Our main contributions can be summarized as follows:
(1) We collect 400 facial images of Chinese male of different times on the Internet, and all the face were rated by 80 people of different ages. In addition, we train the attractiveness score predictor for different ages in order to verify that people of different periods have different aesthetic standards.
(2) Based on the profile characteristics of Chinese male faces, we divide face shapes into four types: the heart, oval, round and square face shapes. Inception v3 is retrained to realize face shape classification, and the change trend of face shape is analyzed according to the results of the face shape classification in different times.
(3) The geometric parameters (area, length and average width) of the eyebrow binary image, obtained by adaptive threshold segmentation of the eyebrow image are calculated and the change characteristics of the geometric parameters of the eyebrow are analyzed.
The remaining of the paper is organized as follows. Section II describes the materials and method in this work. And in Section III, we give the experimental results and discussions. Finally, Section IV concludes this paper.
II. MATERIALS AND METHOD A. DATA COLLECTION
A face database with Chinese male of different times is required. We select the representative screen male as the research object and classify the face image of Chinese male according to the birth age, then analyze the changing trend of facial features in different epochs.
First of all, the established Chinese male images which we established reflect the judging trend of facial attractiveness in the era, and are an important medium for carrying the spirit of the times and the aesthetic characteristics. Secondly, the screen has a rich and stable audience and shows the male image of different times. Thirdly, we compare the male images of different periods which can reflect the differences of the male's facial characteristics in different periods owing to social development. Thus, we download male face images from popular social networking sites who were born in different generations. In the process of collecting face images, we have to remove images that are not conducive to analyzing facial features, which include a particularly rich expression and a complex background. Finally, we collect 400 Chinese male face images from 1960s to 1990s in Fig. 1 . The database is used to analyze the variation of facial attractiveness of Chinese male faces.
B. RATING COLLECTION
The database that we built is rated by participants who span different times. In the survey, the mean age is 39.89 ± 12.32 consisting of 80 female judges. And they have different ratings for face images of different epochs. In order to eliminate this effect of the difference between the raters and the subjects, we design several questions to get the rating for face images.
The assessment process consists of the following components:
(1) Eighty different-year-old participants rated all faces according to the questions are designed.
(2) The rating system is mainly divided into two parts, namely the overall rating and the local rating, and the local features of the face included the eyebrow and the face shape.
(3) Our rating ranges from 1 to 5 are classified as follows: 1 represents very unattractive, 2 represents slightly unattractive, 3 represents mildly attractive, 4 represents slightly attractive, and 5 represents very attractive.
C. FACIAL ATTRACTIVENESS RATING PREDICTION
With the rapid development of artificial intelligence, machine learning has been playing an increasingly important role in the field of image processing. In order to verify the difference of male aesthetics in different periods, we use machine learning to evaluate the attractiveness of male faces.
The evaluation model is divided into two parts: training and testing module. In the training stage, facial features are extracted from each face image, and the label of the average attractiveness scores of raters in real life, which we have already obtained, are input into the classification model. The facial features of each image correspond to attractiveness labels. In the test stage, we take face images of different periods input into the predictor of different periods to obtain the predicted score of facial attractiveness. The attractiveness prediction process is summarized in Fig. 2 . (1) Landmark localization: we mainly use the frontal_face_detector of dlib library in Python as our face extractor, as shown in Fig. 3 . Finally, we write the face landmark into the file.
(2) Feature generation: the four facial ratio features are calculated from each training image by using the feature points. And the obtained features are saved to a file.
(3) Model training: the input data used in the training model are the features of the images obtained from the Internet and the artificial score label of different ages. In the process of training, PCA algorithm is used to reduce the dimension of the feature, and then the random forest training model is adopted. The training model can be divided into four types of trainers, corresponding to four different epochs.
(4) Attractiveness score prediction: according to the data and model obtained above, a convolution neural network (CNN) is designed for predict the attractiveness score of self-selected images. Figure 4 shows the architecture of the network, including mainly six-convolution layers where 
D. GEOMETRIC FEATURE
In this subsection, we analyze the characteristics of the face shape and the eyebrow of Chinese male in different times by data to obtain the changing characteristics of Chinese male attractiveness.
1) RETRAINING INCEPTION V3 FOR FACE SHAPE CLASSIFICATION
Face shape is the most intuitive feature of face image, and the information of face shape is more stable, so people pay special attention to the face shape. There are many methods to classify the face shape. At present, the basic method is to train classifier in order to realize face shape classification by using geometric features. The common classifiers include linear discriminant analysis (LDA), support vector machines with linear (SVM-LIN) and radial basis function kernels (SVM-RBF), and artificial neural networks. The highest overall accuracy of these classifiers is 70.8% [38] . Because the accuracy of these classifiers is not high, we retrain Inception v3 model to realize the face shape classification. Based on the profile features of Asian male faces and anthropomorphic, we classify the face shapes into four types: heart, oval, round, and square face shapes. These four face shapes shown in Fig. 5 have following characteristics:
• The heart face shape is a triangulated face, usually with a pointed chin and the face slowly narrows from the eye to the nose.
• The oval face shape shows that the forehead is roughly the same width as the cheekbones, and at the same time it is a little wider than the mandible. The width of the face is about 2/3 of the length of the face.
• The round face shape shows the forehead, cheekbones, and mandibular angles width are basically equal; the edges are round and full; the facial contour is wide and round; the chin is short and the lines are not obvious.
• The square face shape shows the width of the forehead, cheekbones, and mandibular angles width is basically equal; the angle is clear; the facial contour is wide and short. Inception v3 is an effective retraining image classifier, which is used with Python Tensorflow library. It can train VOLUME 7, 2019 big data set like ImageNet and achieve a higher classification effect [35] . Relative to LDA, SVM-LIN, SVM-RBF, MLP and KNN classification methods, it can be easier to experiment. Firstly, Inception v3 splits a large two-dimensional convolution into two smaller one-dimensional convolutions. Secondly, the network saves a lot of parameters, which can speed up the operation and reduce over-fitting. Therefore, Inception v3 can handle more and richer spatial features and increase feature diversity. In this paper, we use Inception v3 model to classify Chinese males in different times, and then analyze the development trend of the face shape with the change of popular culture. The experimental steps are as follows: • Establishment of face shape database The face shape database should be obtained before classification. this paper selects chinese male images from the scut-fbp5500 [36] data set of the south china university of technology and divides the face shape into four categories by man-made voting, namely, heart, oval, round, and square face shapes. and the whole face shape data set has a total of 400 images. The 19 points required for training the image must be in the exact position, so we need to reprocess the collected face images, which includes the image square, filtering, blurring, rotation, flipping, and so on.
• Landmark localization As shown in fig. 6 , we design a custom hairline detector because the height of the face needs to be calculated, which adds a point to the hairline on the basis of the 68 feature points in fig. 3 .
• Feature extraction To train face shape classification, we selected 19 feature points to generate facial features. Descriptions of these features and calculation formulas are listed in table 2.
• Clasifier Training The training set sizes to train classifiers are 100, 200, 300 and 400 images, respectively. For each training set size, the overall accuracy is recorded for all 400 images by using lda, svm-lin, svm-rbf, mlp classifiers, and the inception v3 model.
• Classification test The retrained inception v3 model is used to classify the face images of different ages. In order to better find the changing features of face shape better, we use the test data set size of 100 face images in different times, and make statistical analysis of the results after the classification.
2) CALCULATE THE GEOMETRIC PARAMETERS OF THE EYEBROW
It is often said that the eye is the window of the soul, and the eyebrow is ornaments to decorate the window. By modifying eyebrows, people can achieve the purpose of beauty and highlight temperament, so eyebrow is also an important biological feature of face, which can best reflect the beauty of an era. In order to study the external characteristics of eyebrow of different epoch, this paper analyzes the unilateral eyebrow of Chinese male in different times. Firstly, 400 one-sided eyebrow images of male faces are captured and normalized to pixel size 80 × 30 as shown in Fig. 7(a) . Then, the eyebrow image is segmented by using adaptive threshold to obtain a binary image of the pure eyebrow. Finally, the area, length and average width of the eyebrow are calculated by using formulas according to the profile of eyebrow.
• The area of eyebrow The binary image of eyebrow can be obtained by adaptive threshold segmentation as shown in Fig. 7(b) , we can calculate the number of black pixels in the binary image and then take the number of pixels as the area of eyebrow as follows:
The sample gray (i, j) represents the gray value at position (i, j).
• The length of eyebrow The length of eyebrow is related to the curve of the eyebrow, so we first draw the slim eyebrow curve according to the binary image of eyebrow as shown in Fig. 7(c) . The length of eyebrow can be obtained by calculating the number of black pixels in the slim eyebrow image.
• The average width of eyebrow The average width of eyebrow can be defined as the area of eyebrow divided by the length of eyebrow by using Eq. 2.
III. RESULTS AND DISSCUSSION A. ATTRACTIVENESS SCORE ANALYSIS
The SPSS 24 is used to assess reliability of the attractiveness rating. The Cronbach's coefficient alpha is 0.92 for male faces. This result shows that the attractiveness rating data we obtained has high reliability. The mean and standard deviation of attractiveness scores of the raters who come 1960s for Chinese male images of different ages are 3.95 ± 0.08 (60s), 3.65 ± 0.08 (70s), 3.47 ± 0.10 (80s), and 2.99 ± 0.10 (90s). And the analysis of attractiveness scores is shown in Fig. 8 . From Fig. 8 , vision difference of the attractiveness ratings means of the raters who come 1960s with the 95 percent confidence interval for t test comparison (p < 0.0001). Under the attractive means and confidence interval, the diamonds [37] are drawn in Fig. 8 . The line connect with each diamond represents the mean value of male attractiveness in each age, and the vertical line represents the confidence interval of the sample. We can analyze whether the development of the times affects the facial attractiveness by observing the intersection patterns of the circles. There is intersect between the circles in the 60s, 70s and 80s, but the outside angle is less than 90 degree, so the attractiveness ratings of the four times are different. But the circle representing the 90s ratings did not intersect with the other three circles, which indicates that the facial attractiveness ratings of the 1990s are significantly different from those of the early males. Therefore, under the influence of the development of the times, the images of Chinese male have changed, which lead to the difference of facial attractiveness in different times. The result is of great significance for us to analyze the changing trend of facial features of Chinese male. We randomly select 250 images for training samples and the remaining 150 images for test samples, and use the training model generated by the score label of 90s to rate faces of different eras. And the result is shown in Fig. 9 , which shows the attractiveness scores of Chinese males in the 1960s and 1990s. Our average correlation coefficient is 0.8027 under four experiments. We can see that the four attractive scores are very different from the result. Table 3 shows the overall accuracy of the different training sets by using the other classifier and the retrained Inception v3, up to 93 percent. However, the overall accuracy of LDA, SVM-LIN, SVM-RVM, and MLP classification methods can only reach 70.8% [38] by using 500 images. In this paper, we find the accuracy is 40.20% to 64.60% by using our 400 images. The result indicates that Inception v3 classifier has good performance and high reliability for analyzing the change trend of face image in this paper. Table 4 and Fig. 10 show the changing trend of four face shape of Chinese male. The proportion of heart face shape is the smallest in the 1960s of 12%, and has been increasing since then. By comparison, the proportion of the heart face shape is the highest in the 1990s of 59%. The proportion of the oval face shape is 19% in the 1960s, and the proportion increased by 33% and 43% respectively in the 1970s and 1980s, but it declined to 34% in the 1990s, which is very close to the proportion in the 1970s. The proportion of the round face shape has been decreasing with the development of the times by 39%, 16%, 5% and 3%, respectively. It can be seen that the proportion of the round face shape has been very small since 1980s. The trend of the square face shape and the round face shape are basically the same. The results show that the heart shape is a popular feature of Chinese male in modern times because the length and width of the heart face shape conforms to the proportion of the ''golden proportion'' commonly known in the international. Modern people generally regard skin as the beauty and the heart face shape is small, which is in line with the aesthetic trend of the public. But the judgment of face shape only adds one point of hairline on the basis of 68 feature points, so it is necessary to add a few more points to the hair line in order to realize the classification of face more accurately in the future work. Table 5 shows the geometric parameters of the eyebrow samples from different eras. Figure 11 shows the distribution of geometric parameters of the eyebrow within a certain range. The area range of Chinese male's eyebrow of different times is shown in Fig. 11(a) , and the line represents the trend of average area of eyebrow. The average area of eyebrow is 589.86 ± 69.40 (60s), 580.37 ± 68.96 (70s), 579.99 ± 69.34 (80s), 590.68 ± 65.85 (90s) as shown in Table 6 . And it indicates that there are differences in the eyebrow area among Chinese males of different times, but the change of the area range is not obvious, and the trend of the line changed slowly. Thus, it can be explained that there is little difference in eyebrow area. In Fig. 11(b) , the length range of eyebrow is expressed. It can be clearly seen that the length of eyebrow has always moved in a range of large values, and the line spans the average of the length of male eyebrow in different times. From Table 6 , we can see that the average length of eyebrow is 54.76 ± 3.40 (60s), 56.19 ± 3.94 (70s), 58.73 ± 3.56 (80s), 62.65 ± 3.97 (90s), respectively, and the inclination angle of the line increases, which indicates that there is a significant difference in the length of eyebrow. The average length of eyebrow before 1980s is below 60. In comparison, the average length of eyebrows in the 1990s reaches more than 60. The range of the average width of eyebrow is shown in Fig. 11(c) . We can see that the average width of eyebrow is 9.40 ± 1.47 (60s), 10.07 ± 0.91 (70s), 9.68 ± 1.14 (80s), VOLUME 7, 2019 8.92 ± 0.86 (90s) from Table 6 , and the average width variation of the eyebrows is unstable. In the 1960s, the average width of male eyebrow is wider. It is because most male have natural and unmodified eyebrows, leading to having no fixed eyebrow shape, the average width of the male eyebrow is more dispersed.
B. COMPARISION OF FACE SHAPE

C. ANALYZE THE GEOMETRIC PARAMETERS OF THE EYEBROW
With development of society, male also begin to thrush, so the width of the eyebrow of male in the 1970s has narrowed, but it is still in a wide range. In the 1980s, the average width of the eyebrow widens again, but is not much different from the range of the 1960s. At this time, some male show masculinity with thick eyebrow, while the eyebrow of other male's eyebrows becomes more feminine under the influence of Korean. Over time, ''Little Fresh Meat'' has become a major component of male on screen. They gradually approaches female's ideas for them in order to attract more female audiences, so the eyebrows of male are more concentrated and generally thinner nowadays. In general, in their opinion, finer is the beauty. It is important to explore the relationship between these changes and social changes, and the impact of social and cultural changes on the evaluation criteria of facial attractiveness through the geometric features of male faces to analyze the changing characteristics of facial attractiveness in different times. From the specific experimental results, in recent years, Chinese males have shown a ''feminine'' temperament, they have a thin heart face shape, thin and long eyebrow. Under the influence of the media, they have led a new social fashion. The reason for this fashion is that we are an era full of individualism and romanticism. In the 21st century, the public is in an era of prevailing consumer culture, and screen males are also taken as part of consumption. In order to obtain a large number of consumers and better social status, they must conform to aesthetic standard of consumers (female), which promotes the formation of ''Little Fresh Meat''. Therefore, the aesthetic expression of the male image of the screen is changing day by day, it not only has gradually matured, but also becomes one of the most representative fields in popular culture. After the great revolution, modern culture has produced fruitful results. The mass culture represented by screen males has gradually become the mainstream culture of today's society. In addition to the inherently logical connection between male and contemporary consumer society, it is also related to the pursuit of beauty by male themselves. Fundamentally speaking, the aesthetics of ''Little Fresh Meat'' is one of the most popular aesthetics in the society. Consumer culture, feminism and body aesthetics have greatly promoted the formation and development of this style.
IV. CONCLUSION
Facial attractiveness is closely related to people's social life. In this paper, we propose a method to study the aesthetic characteristics and trends of Chinese male from the perspective of the development of the times. This is the first time that a large amount of data is used to analyze the changing characteristics of the facial attractiveness. A Chinese male face database with different times is obtained and it is publicly downloaded at https://image.baidu. com/, http://www.manmankan.com/dy2013/mingxing/neidi/ nanmingxing.shtml#. In the meanwhile, we use machine learning to achieve facial attractiveness rating prediction based on the attractiveness score label. Then the retrained Inception v3 model is proposed to realize face shape classification. The overall accuracy of this model can reach up to 93%. The face classification results of Chinese male in different times show that the heart face shape is the largest proportion in the current era. Finally, the geometric parameters of Chinese male eyebrows are calculated by binary image, and it is found that the eyebrow of today's screen males are generally thinner and longer. The experimental results show that compared with other research methods of facial attractiveness, our method has certain value and practical significance for exploring the changing characteristics of facial attractiveness and social values. The study can be used as a reference for educational institutions and cultural management departments to deal with popular culture. 
